The aim of this study was to reclarify the taxonomic relationship among Streptomyces hygroscopicus subsp. hygroscopicus, Streptomyces endus and Streptomyces sporocinereus. Whole genome shotgun sequencing was performed for the type strains of these three taxa. Average nucleotide identity and digital DNA-DNA hybridization values among the three taxa were greater than the thresholds for bacterial species delineation, indicating that they belong to the same genomospecies. In addition, the phenotypic data previously reported also support the synonymy. Therefore, S. endus and S. sporocinereus should be reclassified as later heterotypic synonyms of S. hygroscopicus subsp. hygroscopicus.
Streptomyces hygroscopicus and species that are taxonomically close in the genus Streptomyces are widely studied and well known as rich sources of bioactive secondary metabolites, such as antibiotics [1] . To date, over 650 types of bioactive compound have been found to be produced by members of S. hygroscopicus and related taxa. S. hygroscopicus comprised five subspecies in the past, but Streptomyces hygroscopicus subsp. angustmyceticus and Streptomyces hygroscopicus subsp. decoyicus were reclassified as Streptomyces angustmyceticus sp. nov, comb. nov. and Streptomyces decoyicus sp. nov, comb. nov., respectively [2] . Consequently, at the time of writing, there are three subspecies of S. hygroscopicus (S. hygroscopicus subsp. hygroscopicus, S. hygroscopicus subsp. glebosus and S. hygroscopicus subsp. ossamyceticus) with validly published names. During the course of our analysis of 16S rRNA gene sequences of strains preserved at the NBRC culture collection, S. hygroscopicus subsp. hygroscopicus NBRC 13472
T showed exactly the same sequence to those of Streptomyces endus NBRC 12859 T and Streptomyces sporocinereus NBRC 100766 T . To clarify the taxonomic relationship among these three species, we conducted whole genome shotgun (WGS) sequencing of the three strains, because genomic studies provide strong evidence to discriminate taxonomical species in Bacteria [3] . T were prepared from cultured mycelium using a QIAGEN EZ1 Tissue Kit and an EZ1 Advanced Instrument (QIAGEN), and then sequenced using a combined strategy of shotgun sequencing with GS FLX+ (Roche) and paired-end sequencing with MiSeq (Illumina). The reads of each strain were assembled using Newbler v2.6 software. Scaffolds obtained from the assembly were subsequently finished using GenoFinisher software [4] . The values of average nucleotide identity according to BLAST (ANIb) were calculated using the JSpecies program [5] . DNA-DNA relatedness values were estimated from genome sequences using the Genome-toGenome Distance Calculator (GGDC) 2.1 provided by the DSMZ web site (http://ggdc.dsmz.de/distcalc2.php).
Results of WGS sequencing are summarized in Table 1 . We calculated ANIb values among the three strains from their genome sequences. As shown in Table 1 , values ranged from 97.11 to 98.84 %, all of which are above the threshold (95-96 %) corresponding to the DNA-DNA relatedness value of 70 % recommended as the cut-off point for the assignment of bacterial strains to the same species [5, 6] . We also calculated digital DDH values using these genome sequences with GGDC 2.1, which has been recently developed as a quick tool [7] . As shown in Table 2 , all the values exceeded 70 % (76.10-90.10 %) and the probabilities that each exceeds 70 % were calculated to be 87.04-95.84 %. Therefore, these three strains should be accommodated within the same species.
During our genome analysis, S. endus and S. sporocinereus were suggested to be later heterotypic synonyms of S. hygroscopicus subsp. hygroscopicus based on multilocus sequence analysis (MLSA) [8] . As S. endus NRRL 2339
T was once proposed to be a subjective synonym of S. hygroscopicus [9] , our genomic analysis-based data corresponded to the results. In addition, although DDH tests between S. endus and S. sporocinereus were carried out, the values for S. hygroscopicus subsp. hygroscopicus were not determined in the previous studies. In contrast, our results confirm genomically that the three taxa, S. hygroscopicus subsp. hygroscopicus, S. endus and S. sporocinereus, are definitely synonyms, and support the conclusion based on MLSA [8] . Furthermore, Rong and Huang [8] reported that the three taxa share common phenotypic characteristics, as shown in the emended description below.
Rong and Huang [8] also proposed that Streptomyces hygroscopicus subsp. glebosus and Streptomyces hygroscopicus subsp. ossamyceticus should be reclassified as a novel species, named 'Streptomyces glebosus' sp. nov., comb. nov. and 'Streptomyces ossamyceticus' sp. nov., comb. nov., respectively. These two taxa show only 98.0 % (1437/1466) and 96.6 % (1412/1462) 16S rRNA gene sequence similarities to the type strain of S. hygroscopicus subsp. hygroscopicus, respectively. This suggests that they do not represent S. hygroscopicus. Hence, these two subspecies were not analyzed in the present study. If the proposals on 'Streptomyces glebosus' and 'Streptomyces ossamyceticus' are validly published, S. hygroscopicus subsp. hygroscopicus, S. endus and S. sporocinereus should be named S. hygroscopicus, according to Rule 38 of the Bacteriological Code [10] , as the species S. hygroscopicus has no further subspecies.
Hence, we have demonstrated genomically the synonymy between S. hygroscopicus subsp. hygroscopicus, S. endus and S. sporocinereus, which will be reclassified into S. hygroscopicus, and propose that S. endus and S. sporocinereus should be assigned to be later heterotypic synonyms of S. hygroscopicus subsp. hygroscopicus. Our data are supported by a previous study [8] .
EMENDED DESCRIPTION OF STREPTOMYCES HYGROSCOPICUS SUBSP. HYGROSCOPICUS (JENSEN 1931) YÜNTSEN ET AL. 1956
The description of the subspecies is based on the data reported by Rong and Huang [8] . Forms extensively branched substrate hyphae and aerial hyphae that carry smooth-surfaced spores in spiral spore chains. Abundant growth occurs on ISP 2, 3, 4 and 5 agars. An off-white to dark gray aerial spore mass is formed on yellow to grayish yellow substrate hyphae on ISP 2 agar. An ivory-white to dark gray aerial spore mass is formed on light yellow hyphae on ISP 3 and ISP 5 agars. An off-white to dark gray aerial spore mass is formed on light yellow substrate hyphae on ISP 4 Distances are inferred using Formula 2 (identities/HSP length) from the set of high-scoring segment pairs (HSPs) maximally unique matches obtained by comparing each pair of genomes using the software chosen. These distances were transformed to values that were analogous to DDH values using a generalized linear model (GLM) inferred from an empirical reference dataset comprising real DDH values and genome sequences.
Organism GLM-based DDH estimate (Probability that the value exceeds 70 %) 
